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Abstract
Strength and conditioning coaches have many decisions to make when designing 
resistance training programs. Choices about which exercises to use, the intensities at 
which they are performed, and the total volume that is lifted are all decisions that need to 
be made when designing resistance training programs. Depending on which form of 
periodization that is used, these choices will vary from program to program.
The purpose of this study was to compare different types of periodization for 
programming resistance training in collegiate athletes. The research also explored 
whether training experience played a role in strength gains among both methods. The 
two methods evaluated were linear and undulating periodization. The study found that 
while both forms of periodization showed increases in strength, the individuals using 
undulating periodization yielded better results overall regardless of what the training 
experience was. The results of this study will help strength and conditioning 
professionals to be better informed when deciding which form of periodization they will 
use when designing programs for their athletes or clients.
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Chapter One 
Introduction
In today’s athletic setting, producing results is essential to almost all athletes, 
coaches, and teams. This is not different when training for sports. Many athletes and 
coaches turn to strength and conditioning professionals and ask them to produce results, 
helping athletes become stronger, faster, or jump higher. For most strength and 
conditioning programs, resistance training is the backbone. To break it down even more, 
how a strength and conditioning coach periodizes his/her resistance training program is 
the foundation that most programs are built from. A relatively new, but well accepted 
concept, periodization, can be defined as maximizing training adaptations by planned 
manipulation of the training variables such as the load and volume (Buford, Rossi, Smith, 
& Warren, 2007).
Problem & Purpose
Although the concept of periodization is well accepted, with limited research done 
comparing the two forms (linear and undulating), S&C Coaches are left wondering which 
model produces the best results with the athletes they are working with and if certain 
athletes respond better to different methods. Linear periodization is a form of exercise 
programming where the training phase starts with a high volume of work, but often low 
intensity and proceeds to increase in intensity while decreasing in volume. This happens 
in a linear fashion with no variance along the way (Prestes, Frollini, Lima, Donatto, 
Foschini, Marqueti, Figueira, & Fleck, 2009). Undulating periodization is another form 
of programming that varies intensities either from day to day or week to
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week. This method often has unloading weeks where individuals are able to recover 
from a high intensity week (Poliquin 1988).
The purpose of this study was to provide strength and conditioning coaches with 
more information on which form of periodization is superior in previously trained 
collegiate athletes. Variables that are often overlooked such as: unequal volume in the 
two programs, weekly undulating programs, and the differences in weight gains between 
athletes with different training experiences were examined to determine if the amount of 
experience plays a role in training gains.
Research Questions
The study will attempt to answer questions that are overlooked in other studies.
Does unequal volume in the two programs make a difference in athletic gains? With 
daily undulating programs already researched, do weekly undulating programs 
differentiate in training gains made? Do different forms of periodization produce better 
athletic gains for athletes with different training experiences?
Hypotheses
Three hypotheses emerged in the development of this study. The first hypothesis 
was that both the linear and undulating programs will show increased test results in the 
testing that is performed. The second hypothesis was the undulating program will 
produce greater results than linear in those same tests during the eight-week program.
Although the researcher has only used linear programs in the past, the literature on 
undulating periodization suggests it will show better results in previously trained male 
athletes. The concepts behind the undulating method seem to make more sense 
physiologically. The third hypothesis is that athletes with more training experience will
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have better results using the undulating periodization then those with less training 
experience. Again, physiologically the way undulating programs are set up, they will be 
more conducive to those with more training experience.
Background
It is not a secret among strength and conditioning coaches that designing 
resistance training programs is more than putting various exercises and numbers on a 
sheet of paper. There are many philosophies and theories on which exercises should be 
conducted or in which order they should occur. The focus of this study was geared 
toward periodization and which form is more productive.
The results of several studies (Buford, Rossi, Smith, & Warren 2007; Cissik &
Barnes, 2008; Rhea, Ball, Phillips, & Burkett, 2002; Tan, 1999) indicated the need to 
examine different variables of periodization. Training subjects, length of the study, and 
differences in volume have been mentioned by these researchers as possible variables to 
look at when studying different methods of periodization. Only a few studies have 
actually compared linear and undulating periodization. Rhea, et. al. (2002), Rhea, Ball,
Phillips, & Burkett (2003), as well as Baker, Wilson, & Carlyon (1994) have compared 
both methods. However all of these studies used an equal volume of work done by each 
group, finding that differentiating the training volume may have led to superior gains one 
way or another.
Research comparing periodization methods on athletes is even more scarce. Only 
two studies have examined periodization strategies for athletes and only one study has 
been done comparing the linear and undulating methods on competitive athletes.
Kraemer, Hakkinen, Triplett-McBride, Fry, Koziris, Ramamess, Bauer, Volek,
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McConnell, Newton, Gordon, Cummings, Hauth, Pullo, Lynch, Mazzetti, & Knuttgen
(2003) compared the use of undulating programs on untrained collegiate women’s tennis 
players while Kraemer (1997) studied previously trained collegiate football players.
What Kraemer found in both studies was that the periodized programs showed greater 
results, but failed to compare linear and undulating models. Hoffman, Ratamess, Klatt, 
Faigenbaum, Ross, Tranchina, McCurley, Kang, & Kraemer (2009) have provided the 
only study comparing linear and undulating periodization in competitive athletes. Even 
in that same study, Hoffman et al. observed that more research was needed, looking at 
different variables and using more undulating programs to see if results would differ.
The concept of periodization is relatively new. Undulating periodization was 
introduced by Charles Poliquin first in 1981. Many variables have been overlooked when 
comparing linear and undulating periodization such as unequaled volume, experienced 
versus inexperienced athletes, and using weekly undulating programs rather then daily.
In his 2000 study, Kraemer examined only untrained female athletes and the 
effects periodized programs had on that population. Rhea et al. (2002) compared linear 
and undulating periodization unlike many other studies, but did so by using equated 
volume in both programs using recreational male lifters as research subjects.
Limitations
Limitations to this study included a short testing period and the participation of 
exclusively male subjects. By only using an eight-week program, long term results of 
each model will be left unknown. Also, only using male athletes will not show if results 
prove to be true for both male and female athletes.
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Summary
Although a considerable amount of literature demonstrates the effectiveness of 
both linear and undulating periodization, there is a definite need for more research 
comparing the two forms. With the emphasis placed on athletic performance in today’s 
society, strength and conditioning coaches will benefit tremendously from any 
information that will potentially give their programming an edge over their competition.
While both methods are proven to be successful and safe, this study will potentially show 
which model of periodization produces the best results.
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Chapter Two 
Literature Review
The research already conducted on the topic of periodization and the effectiveness 
of each method of it leads to some assumptions. Through the different studies on linear 
and undulating periodization, strength and conditioning coaches have been able to 
develop their own philosophies of training by using the information gathered through the 
literature. However, the research is sparse in terms of the use of different models of 
periodization for the variety of individuals and groups being trained. This review 
examined resistance training, focusing on variables that will help develop strength such 
as intensity and volume. Finally it explored the existing literature on linear and 
undulating periodization, questions or concerns dealing with the different models, studies 
comparing the two, and the effect the methods had on different populations.
Resistance Training
There are many forms and goals of resistance training. Resistance training can be 
defined as an exercise that promotes musculoskeletal adaptations (McMaster, Cronin, & 
Mcguigan, 2009). There are a number of things physiologically that resistance training 
does to enhance the muscles targeted. Most notably, it increases muscle mass (Young,
1991). Along with increasing muscle mass, resistance training can improve 
intramuscular coordination which reflects how efficient the muscle works along with 
inter-muscular coordination and how well different muscles work together. This form of 
exercise can also be directed to more specific training goals such as muscle strength, size, 
power, and endurance (Young, 1991). It is important to recognize the goal of the
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individual or group that is being trained in order to meet the demands to accomplish that 
precise goal.
For athletes, the primary goal is to become faster, stronger, and more powerful.
Resistance training is one of the best ways of accomplishing those goals. This form of 
training has been traced back to many measures of athletic ability including the vertical 
jump, sprint times, distance running times, agility, and obviously strength tests (Stone,
Collins, Plisk, Haff, & Stone, 2000). Again, depending on the sport, various athletes will 
have different goals, but whatever the goal is it is important to plan the resistance training 
program in a way that will allow the athlete to meet the demands of the sport and his or 
her goals (Young, 1991). For example, it has been shown that loads of at least 80% of 
the 1 repetition max (1RM) are needed in order to produce ultimate strength gains (Rhea,
Alvar, Burkett, & Ball, 2003), whereas power gains are increased by using much lower 
loads, but performed with much more velocity (Cormie, McCaulley, Triplett, & McBride,
2007).
Different goals will require specific training volumes, intensities, and loads. As 
defined by Mcguigan & Foster (2004), the training volume is the number of sets (x) the 
number of repetitions (x) the mass that is lifted. Unlike endurance training or other forms 
of running, resistance training volume does not take into account total duration of the 
exercise(s). To determine the intensity of a workout, an individual or coach may use a 
number of approaches. The most common way of finding and using intensity is to take a 
percentage of an individual’s 1RM. Rest periods, number of repetitions completed, and 
speed at which the exercise is performed are other variables that can determine intensity
(2004). The intensity is also referred to as the load. In order to develop maximum
COMPARING LINEAR & UNDULATING PERIODIZATION 7
strength, an individual needs to be exposed to high external loads that will stimulate 
neural and muscular adaptations (Kirby, Erickson, McBride, 2010). Although strength 
gains will increase from a large range of load variations, there is a very narrow window 
of loads for each individual that will optimize their strength gains (2010).
The next group of principles that needs to be explained when talking about 
resistance training is discussed by Stone, Collins, Plisk, Haff, & Stone M. E. (2000).
Overload, variation, and specificity are all important in developing a successful training 
program. Stone et al. (2000) determines overload as training that goes further then 
ordinary physical requirements. According to Craig & Judge (2009), a progressive 
overload training program may be the single most important variable. Volume, intensity, 
and load are all factors that contribute to the establishment of a desired overload.
Variation is also concerned with volume, intensity, and load as well as speed of 
movement and exercise selection. Successfully using variation will help extend the 
positive adaptation over a period of time. Lastly and maybe most importantly is 
specificity. Specificity deals with the selection of exercises and training intensity that 
most closely resembles and meets the training goals (Stone et al. 2000).
Besides improving muscular strength, power, and endurance, resistance training 
has many other added benefits including increased functional ability and capacity, 
improved cardiovascular parameter, positive endocrine and lipid serum adaptations, 
increased lean body mass, increased bone density, and decreased stress (Stone et al.
2000).
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Overtraining
One concern when designing resistance training programs that S&C Coaches need 
to be aware of is the overtraining syndrome. Slivka, Hailes, Cuddy, & Ruby (2010) 
describe overtraining as continued high intensity bouts that fail to leave the body any 
time to recover. Meeusen, Duclos, Gleeson, Rietjens, Steinacker, & Urhausen (2006) 
explain that there are three different outcomes to overtraining. The first and least serious 
outcome is functional overreaching where overcompensation may occur and lead to a 
slight decline in performance, but may just be considered normal training adaptations.
The second outcome would be nonfunctional overreaching where performance is at a 
plateau or may even decrease and often takes several weeks to recover from. The last 
and most severe case is overtraining syndrome where performance will decline and 
recovery will take months (2006). The most common phase of the training cycle for 
overtraining to happen is at the beginning of the off-season phase. Fleck & Kraemer 
(1982) suggest this is due to the increased motivation of athletes that often takes place at 
this phase of training and the failure to take proper precautions when signs and symptoms 
begin to occur.
There are many signs of overtraining, both physical and psychological that should 
draw attention when monitoring resistance training programs. Some examples of 
psychological or emotional signs are depression, inability to relax, and a loss of 
motivation. In addition there are many more physical signs that should be noted 
including (a) extreme soreness and gradual increases in soreness from session to session 
(b) unintentional loss of body weight (c) unable to complete exercises or workouts that 
previously have been completed (d) increase in resting heart rate (f) decreased immune
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system function and (f) sudden loss of appetite (1982). These signs should not be 
overlooked when training or coaching individuals in a resistance training program. An 
immediate decrease in volume and intensity of the training program or a rest day(s) 
should be awarded.
Other then having a periodized resistance training program, there are other 
precautions that can be taken in order to decrease the chances of overtraining. A S&C 
Professional should not suddenly increase volume, intensity, or duration after an 
extended period of rest. Proper recovery time needs to be given to athletes. For 
resistance training, an athlete should receive at least 24 hours to recover. The athlete 
should make sure they are getting enough sleep (at least 8 hours) and taking in a well 
balanced diet (Fleck & Kraemer, 1992).
In strength and conditioning, overtraining is a very serious subject and needs to be 
monitored daily with every athlete. Overtraining an individual can be very detrimental to 
the performance goals of not only that person, but also the team and coaches. It may take 
months to recover and where time is often of the essence, overtraining needs to be 
avoided. The chances of being over-trained are often decreased by designing a well 
planned resistance training program.
Periodization
Periodization has become the basis for almost all strength and conditioning 
programs. It is defined as a periodic alteration in training load that has been shown to be 
effective in optimizing the physiological strain, therefore the exercise programs (i.e., 
resistance training programs) have shown to produce larger increments in muscle strength 
than having an unvarying load program (Monteiro A. G., Aoki, Evengelista, Alvena,
COMPARING LINEAR & UNDULATING PERIODIZATION 10
Monteiro, Picarro, & Ugrinowitsch 2009). Buford et al. (2007) also define periodization 
as, “the planned manipulation of training variables in order to maximize training 
adaptations and to prevent the onset of overtraining syndrome.” According to Poliquin 
(1988), it is essential to use a form of periodization to vary loads and volumes of the 
training program. Studies have shown that the body’s neuro-muscular system can adapt 
to a training program within two weeks which causes the program to lose its efficiency 
(1988).
There are generally two main concepts of periodization that are accepted with 
many strength and conditioning professionals. The first form that was used and created 
by a Russian named Leo Matveyev is known as linear periodization. This model was 
then accepted and further expanded on by Stone and other colleagues in 1981. The other 
form, first brought to our attention by Charles Poliquin in 1981 was dubbed undulating 
periodization (Buford 2007). These concepts will be defined and explained in further 
detail later on in the literature review.
Although the use of a training program with a form of periodization is widely 
accepted, actual research on the topic and the forms of it is very limited. There also has 
yet to be an acceptance on one universal philosophy within the strength and conditioning 
profession. The absence of scientific inquiry into periodization may be due to the fact 
that much of the research is conducted on college campuses which limit subject selection 
and the length of the studies (Cissik, Hedrick, Barnes, 2008). Cissik et al. (2008) also 
note that studies done with previously trained college athletes are also limited due to the 
potential for disruption in the already implemented training program. To this date there 
have only been two studies that have compared the different periodization strategies with
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competitive athletes. A group of untrained collegiate women’s tennis players was studied 
by Kraemer et al. (2000). The other study that was led by Kraemer (1997) looked at the 
effects the difference between periodized and non-periodized programs had on collegiate 
football players. Both studies showed that using a form of periodization was better then 
not using one at all.
Research comparing linear and undulating periodization in competitive athletes 
has also been lacking. One previous study examined the use of the two methods in 
Division III football players (Hoffman et al. 2009). The absence of literature and 
research on forms of periodization involving previously trained athletes is cause for 
concern among strength and conditioning professionals. Their concerns relate to the 
short and long term benefits of the different methods and uncertainty over which form of 
periodization is better. Finally, there seems to be very little research done studying the 
effects of periodized training programs on females (Buford et al. 2007). This could lead 
to uncertainty among strength and conditioning coaches in terms of what models to use or 
if the same benefits are even seen with females and the use of periodized strength 
programs.
The goal for most strength and conditioning professionals is to help athletes reach 
their peak level of performance for their competitive season. Cissik et al. (2008) 
observed that there are often cycles or phases that strength and conditioning coaches 
develop to enable athletes to achieve the peak performance at the desired time.
Stone et al. (2000) suggest that the training status or experience of the individual 
athlete can make a difference in the improvements they see in their training performance.
As the training status increases, often the strength gains will occur at a slower rate. On
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the opposite end of the spectrum, untrained individuals will frequently see more progress 
at a faster rate in terms of strength gains. These results may be due to neural factors 
which are often easily activated when beginning resistance training programs, but may 
become stagnant if the program fails to change or vary as an individual gains training 
experience (Stone et al. 2000). It is also suggested that when periodizing programs, the 
use of multiple sets of an exercise over a single set is far superior (Craig & Judge, 2009).
There are some considerations that need to be taken when periodizing a strength 
training program. Coaches have to realize that every individual is not alike and therefore 
they will react and adapt differently to specific programs and intensities. Athletes that 
adapt to the training stimulus quicker may actually be undertrained when using 
percentages while athletes who adapt slowly could be over trained by having to perform 
high percentages they are not ready for yet (Poliquin, 1988). Other factors to consider 
may be the individual’s age, training status, equipment available, and amount of time 
provided for training.
Linear Periodization
Linear periodization is one of the two most highly accepted methods of 
developing strength and conditioning programs. The structure of this form often starts 
with a high volume consisting of more reps and sets with a low intensity and gradually 
progresses to low volume and high intensity. This process frequently takes place over a 
nine to twelve month process that is known as a macrocycle. The macrocycle is then 
broken up into different mesocycles which are typically three to four months each. Each 
mesocycle will have different emphases which are called microcycles that are one to four 
weeks long (Prestes et al., 2009). Usually the traditional linear program will start with a
COMPARING LINEAR & UNDULATING PERIODIZATION 13
hypertrophy phase that stresses lean body mass and muscle mass gains. Using linear 
periodization, the next phase would be a maximum strength phase followed by a power 
phase (Baker et al., 1994).
Cissik et al. (2008) believe that this model will help develop the athletes so they 
are peaking for their competition season. Monteiro et al. (2009) explains that the varying 
loads used in linear periodization will continue to overload the training stimuli and in 
return cause greater training gains. Another popular belief is the higher total volumes 
that are usually associated with the linear model can lead to large gains in younger or 
untrained athletes (Baker et al., 1994). Other than having increased strength due to an 
untrained athlete’s sensitive neural factors, it often enables more repetitions which leads 
to increased motor skill acquisition. By increasing motor skill function, the athletes will 
in return have more coordination which will ultimately help them become better athletes.
Higher volumes at the beginning stages of the linear progression will also lead to more 
lean body mass (1994). This is often a desired attribute of many training programs in that 
more lean body mass leads to more cross sectional area of the muscle which then leads to 
more power output potential from the athlete.
One concern with linear progressions is that in later phases where high intensities 
are continuously performed from day to day and week to week, overtraining of athletes 
could become problematic. Just by attempting near maximal weights in as little as two 
weeks, an athlete can show signs of overtraining (Bradley-Popovich & Haff, 2001). A 
counter argument in response to this concern is that there are often de-loading weeks 
where volume and intensity are decreased. Rest days are often programmed throughout 
the training week which allows for the athlete to recover from stresses that the body
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endured during the previous high intensity sessions (2001). Another concern with linear 
periodization is that the hypertrophy gained through early phases of the progression is 
often lost when volume decreases and sets of only four to six reps are performed 
(Poliquin, 1988).
Undulating Periodization
The other form of periodization that is commonly used when designing resistance 
training programs is undulating or nonlinear. This type of program varies volumes and 
intensities from day to day or week to week. Poliquin (1988) believed that a program of 
short periods of high volume, low intensity that alternated with high intensity, low 
volume phases would be a better training option then the classic linear progression.
Using this approach coaches would be able to manipulate the program, enabling the 
hypertrophy and strength/power benefits throughout the entire program without being in 
danger of overtraining athletes (Poliquin, 1988).
Like linear periodization, undulating also has different phases, but typically 
utilizes more microcycles. There are high volume phases that are known as accumulation 
and high intensity phases known as intensification (Poliquin, 1988). The thought with 
changing volumes and intensities from either week to week or day to day is that changes 
will continue to keep the training stimulus “sensitive” and also prevent athletes from 
continuously training at high intensities as one would at the end phases of the linear 
progression which in return would be better in preventing overtraining syndrome 
(Bradley-Popovich & Haff, 2001). Buford et al. (2007) also suggests that this model is 
better in preventing overtraining in that it gives the neuromuscular system frequent break
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from high intensities. Poliquin (1988) advocates implementing an accumulation phase to 
build muscle mass followed by an intensification phase to help activate that muscle mass.
Since Charles Poliquin first introduced this theory in 1988, there has been little 
subsequent research conducted to determine the long term effectiveness of undulating 
periodization. Early studies favor the new method, but long term affects are really 
unknown as many studies only last a few mesocycles (three to four months). Rhea et al.
(2002) explains how more research needs to be done to find the right combination of 
variables. Another argument against the undulating model is that it creates more work 
for the strength and conditioning coach due to the ever-changing volume and intensity 
within the programs (Bradley-Popovich & Haff, 2001).
Comparing Linear and Undulating
While many studies have been conducted on the use of a periodized resistance 
training program compared with a non-periodized program, only a few studies have been 
conducted that compared linear and undulating programs.
Rhea et al. (2002) conducted a study on the comparison of linear and daily 
undulating periodization (DUP). In this particular study, they manipulated each program 
so the total volume performed in each method of periodization was equal. The 
researchers found that the DUP model showed greater percentage gains than the linear 
program (Rhea, et.al., 2002). Although this study shows that the DUP model had 
significant gains over the linear form, it is somewhat limited due to the fact that the 
volume was equated.
In a nine-week study done by Buford et al. (2007), the linear and DUP were 
researched with the addition of a weekly undulating program. In this study, all three
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programs showed increases in strength, but there were no differences among the three 
groups during the nine-week study. Again, this study was performed with equal volume 
in all programs (2007). Baker et al. (1994) conducted a similar study comparing linear 
and DUP with equated volumes, but found no differences in the two models.
Hoffman, et al. (2009) point out that there have been two studies examining 
competitive athletes, but these studies only looked at undulating versus non-periodized 
programs. Kraemer et al. (2000) conducted a study over nine months on college 
women’s tennis players while another study done by Kraemer (1997) looked at college 
football players. The results of both studies showed that the periodized models are far 
superior, but failed to compare linear to undulating periodization in college athletes.
The one study to date that has compared linear and undulating periodization in 
competitive athletes was conducted with DIII college football players (Hoffman et al.
2009). In this study players were broken up into three groups; non-periodized, linear, and 
DUP. Over a 15-week period the results showed no proof that one method was more 
effective then the other. However, the results demonstrated that both linear and DUP 
programs were better than programs that were not periodized. Hoffman et al. (2009) 
noted that this study only used one variation of each program and more research needed 
to be done in order to study other variations.
All of these studies compared the different models of periodization. Each study 
revealed voids in the research that need to be filled. Some of them failed to look at the 
methods by using different volumes while others did not compare the different methods 
within their study. The literature involving previously trained athletes and the use of both 
linear and undulating periodization is an area where more research should be conducted.
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Summary
While the topic of periodization has become increasingly popular, many 
uncertainties have emerged in the research done comparing the linear and undulating 
methods. What is accepted is the fact that periodized resistance training programs have 
produced better results in terms of strength, power, and speed. What needs to be 
determined yet, is what method of periodization is more beneficial for competitive 
athletes? There are many variables that could be looked at and studied in order to help 
strength and conditioning professionals. Which model works best over the course of a 
year? Which one produces better results for more experienced athletes? Which method 
produces better results for untrained athletes? These are just some of the questions that 
need to be examined in order to better understand linear and undulating periodization.
There are many variables that go into making a good resistance training program. Using 
proven methods of periodization is just one way to help bring some order to your 
program.
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Chapter Three 
Methodology
Introduction
The purpose of this study was to examine two different methods of designing 
resistance training programs and determine which one works best on collegiate athletes.
The study also attempted to determine whether training experience played a role amongst 
the two different methods and also if programs with unequal volume produced different 
results.
Research Setting
The research for this study was conducted at a midsized public university in the 
Midwest. The athletes that were tested had already completed their resistance training 
workouts in this capacity and all materials that were needed for the study were supplied 
in this weight room. With a maximum occupancy capacity of 157, the varsity weight 
room at this institution was capable of handling all participants involved in the research 
which was 70.
The weight room was completed in the summer of 2007 and supplied quality, up 
to date equipment. There were 10 power racks along with 10 platforms that are used for 
many exercises including bench, squat, and hang cleans. It also had over 5,000 pounds of 
free weights and dumbbells ranging from five to 125 pounds. These were just some of 
the materials used in the study conducted.
Research Population
The population for this study included all members of an NCAA II football team.
There were 70 male participants that were asked to participate, ranging from 18 to 25
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years of age. This group of athletes was chosen for a number of reasons. First, all 
participants had previously followed the same resistance training program for six months 
prior to the study. Secondly, all participants had at least six months of prior resistance 
training experience which was important to the study as one of the variables was 
previously trained athletes. Lastly, the football team was able to provide enough 
participants to obtain sufficient data for a meaningful analysis.
Procedures
Permission from all invited research subjects was obtained prior to the start of the 
study. Furthermore, permission from the Athletic Director along with all other football 
coaches was obtained before proceeding with the study. Everyone that participated in the 
study signed a consent form saying they agreed to be in the study.
The periodization models that were used are proven to be successful in resistance 
training programs and would not intentionally put one group of athletes at a disadvantage 
compared to their counterparts. In addition, the methods of periodization that were used 
are both proven to help maintain physical health and prevent overtraining. Individual 
results of the testing done in this study were not released outside of those who facilitated 
the research.
All participants were divided randomly and evenly by age into two different 
groups. Group one was then given an eight-week linear periodized resistance training 
program to perform for the designated length of the study. This program was designed 
with high starting volumes decreasing in a linear fashion while the low starting intensity 
increased gradually each week. Group two was provided an eight-week undulating 
periodized resistance training program where volume and intensity fluctuated from week
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to week in a planned matter. These programs consisted of an accumulation phase one 
week followed by an intensification phase the next week.
Data Collection
Prior to the implementation of the two programs, subjects were tested in a variety 
of exercises that demonstrate different athletic qualities. Those tests included a 1RM in 
the bench press, squat, and hang clean and also a vertical jump test. Both the bench press 
and squat measure strength while the hang cleans and vertical jump measure power.
After the completion of the eight-week program all tests were measured again to mark 
any changes. A potential problem in collecting the data was the possibility of 
inconsistent standards in what constitutes a quality 1RM. Another dilemma was the 
inability to test certain individual’s pre or post due to an injury they may have suffered 
before or during the eight-week program.
For both pre and post testing the athletes performed warm-up sets for each of the 
bench press, squat, and hang clean prior to performing their 1RM to help ensure safety.
After the warm-up sets were completed the athletes attempted a approximate maximum 
weight and continued to add weight until failure. The heaviest weight was then recorded 
for all three tests. Similar protocols were taken for the vertical jump with each athlete 
then attempting to jump as high as possible on a vertex. Again, the best score was 
recorded and put into files.
Data Analysis
Once collected, the data was analyzed by comparing the averages of each test for 
both groups. After the eight-week program was completed along with the second testing 
phase, the averages for both groups were then recalculated. At this point, the researcher
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looked for differences in the first and second tests and ultimately looked to see if either 
group had differences in gains compared to its counterpart. Conclusions were then made 
on which method was more productive with the subjects and capacity that were tested.
Summary
The data collected examined collegiate football players using different periodized 
resistance training programs. Results from four different tests were examined for both 
strength and power and whether or not training experience played a role in the results 
gathered.
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Chapter Four 
Research Results
The research conducted for this study compared two forms of periodization in 
resistance training over the course of eight weeks. One group used a linear periodization 
format which starts with high volume, low intensity and gradually increases in intensity 
while the volume decreases. The other group used a weekly undulating periodization 
resistance training program which fluctuated intensities and volumes from week to week.
The study attempted to determine which one of these programs would produce the best 
results in an eight week off-season program. The research also examined whether or not 
training experience played a role in either of the programs.
In this study, a collegiate varsity football team was randomly divided by age into 
two groups. Group A was assigned a linear resistance training program while group B 
was to follow a weekly undulating program. Before the two groups were split up, each 
individual participating in the study was tested for their one repetition max in the bench 
press, squat, and the hang clean. Also, every participant in the study was measured in a 
vertical jump test. Averages were calculated for each group along with averages for each 
of the training years. For example, averages for first, second, third, and fourth year 
college students were determined for each group.
After the maximum weights were determined and averaged, the two groups 
completed the eight week program that was designated for them. At the end of the eight 
weeks participants were re-tested and averages were again calculated for each test.
Results were shared only with the coaching staff of the football team. Identities 
remained anonymous among those who participated in the study. Each participant was
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assigned an identification number that was used to indentify them with their max 
numbers. It was anticipated that the results from the study would help provide more 
information on determining which method of periodization is more beneficial between 
linear and weekly undulating.
Program overview
As already noted study participants were split into two different periodization 
groups. Group A used a linear program while Group B completed a weekly undulated 
program. Chart 1 demonstrates that the intensity for the linear program started at 60% of 
each individual’s one repetition max in week one and continued to increase in a linear 
fashion. The intensities used were as follows; 60%, 65%, 70%, 75%, 77%, 80%, 83%, 
and 87% all in respective order from week to week. The intensities for Group B varied 
much more from week to week. The intensities that those members used were 65%,
75%, 70%, 80%, 70%, 80%, 75%, and 90% all respectively. Again the weights lifted 
were all based on the one repetition maxes that were taken during the pretest.
The program itself called for each group to lift four days a week which consisted 
of two lower body lifting days and two upper body lifting days. Both the linear and 
weekly undulated programs required each individual to perform the same lifts or 
exercises. The only place where the programs differed was the intensity and volume 
from week to week.
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Figure 1
Weekly Intensity Percentages for Linear and Undulating Programs
Data 
Determining the groups
The seventy members who participated in the study were evenly and randomly 
divided by training experience into a linear periodized program and a weekly undulating 
program. The training status was based on how many years participants have been in a 
collegiate athletic resistance training program. As noted above, the linear group was 
labeled Group A, while the weekly undulating group was named Group B. Group A 
consisted of twelve first year, ten second year, seven third year, and six fourth year 
participants. Group B was rather similar in that it had eleven first year, ten second year, 
eight third year and six fourth year members (see Table 1). It should be noted that three 
participants could not perform in any post testing due to injury. They were simply taken 
out of the study.
Table 1
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Breakdown of each Group by Training Experience
Division of Participants
Training Program First Year Second Year Third Year Fourth Year Total
Linear (Group A) 12 10 7 6 35
Undulating (Group B) 11 10 8 6 35
Total 23 20 15 12 70
Squat results
While both groups showed significant increases (+.05%) over the course of the 
eight week study, there was not a noteworthy difference between Group A and Group B. 
There was not however any significant differences between linear and weekly undulating 
programs in the squat. Group A had an average increase of 3.6% where as on the other 
hand Group B went up on the squat with an average of 3.8% per participant (Table 2). 
There was however some differences worth noting between the two groups within the 
same training year. In participants with one year of training experience, Group A showed 
an additional 1.2% increase from its Group B counterpart. However, for those in their 
third year of training, Group B had almost a 1.5% higher increase then those in Group A. 
Within each group there were also differences that were shown, more noticeably in 
Group A, where there was a +2.4% difference throughout the group and the different 
training statuses.
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Table 2
Comparison of Pre and Post Testing in Squat
Squat Results Group A Squat Results Group B Squat Results
Year of Collegiate 
Training
Squat
(Pre)
Squat (Post) %
Change
Squat
(Pre)
Squat
(Post)
% Change
First Year 354.4 371.2 4.6 383.6 397.2 3.4
Second Year 354.2 369.9 4.3 405.8 423.6 4.3
Third Year 414.3 425.6 2.7 385 401.3 4.1
Fourth Year 385.8 398.1 3.1 418.3 431.9 3.2
Average 377.2 391.2 3.6 398.2 413.5 3.8
Bench results
The second test was the bench press. Again in this test there were significant 
increases for both the linear and undulating programs throughout the eight-week study. 
Looking at the results shown in Table 2, you are able to see a couple more differences 
between Group A and Group B. The first thing that should be noted is that while Group 
A had a 3.4% average increase, Group B had 0.9% higher increases with 4.3%. This is a 
fairly high difference with the study only being eight-weeks long. Going through the 
different groups of training experience, the undulating program showed greater increases 
in three out of the four groups. Among first year participants, Group B had a 3.9% 
increase while Group A had a 3.5% increase. The only area where linear programs 
showed a greater increase was with participants in their second year of training. The 
difference between third year participants within the two group yielded the greatest 
difference throughout the whole study. There was a 2.9% difference between the two 
groups with the undulating program producing far better results. Lastly, the individuals
with four years of training experience also showed better results using an undulating 
program with a 4.0% increase while those using a linear program had a 3.4% increase.
Again, results for both groups were encouraging, but overall Group B who was using the 
undulating program produced much higher gains throughout the study.
Table 3
Comparison in Pre and Post Testing in Bench
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Bench Results Group A Bench Results Group B Bench Results
Year of Collegiate 
Training
Bench (Pre) Bench (Post) % Change Bench (Pre) Bench (Post) % Change
First Year 265.8 275.2 3.5 284.1 295.5 3.9
Second Year 279.5 292.3 4.4 290 302.6 4.2
Third Year 309.3 316.5 2.3 281.4 296.8 5.2
Fourth Year 265 274.1 3.4 299.2 311.5 4
Average 279.9 289.5 3.4 288.7 301.6 4.3
Hang clean results
The hang clean test provided some interesting results. Both groups showed an 
increase with Group A going up 3.3% from the start of the study and Group B improving 
4.0%. Looking closer at the results from Table 3, a big component of the increases for 
both groups though came from members who were in their first year of training. Those 
who used a linear program went up an impressive 5.8%, while those using an undulated 
program were close behind with a 5.5% improvement. As the training experience 
increased the improvements consistently went down for both programs. In Group A,
there was a 3.0% drop off from first and second year participants. Group B only showed 
a 1.0% dip in the results in the same category. Fourth year members using a linear 
program showed the lowest increase out of the three resistance training tests with only a 
1.8% increase.
A factor that may have led to the consistent drop off from group to group may 
have been the complexity of the lift itself. The technique involved with a hang clean 
often causes many beginners difficulty with the lift at first. Once the technique is 
understood and improved upon, large gains are often seen due to fact that the individuals 
are now able to efficiently move the weight. After the initial improvements in both 
technique and weight lifted, it is difficult for athletes to repeat those same gains unless 
technique is perfected and consistently worked upon throughout a training week.
Table 4
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Comparison of Pre and Post Testing in Hang Clean
Hang Clean 
Results
Group A Hang Clean Results Group B Han Clean Results
Year of Collegiate 
Training
Hang Clean 
(Pre)
Hang Clean 
(Post)
% Change Hang Clean 
(Pre)
Hang Clean 
(Post)
% Change
First Year 235.4 249.8 5.8 247.5 261.8 5.5
Second Year 263.9 271.5 2.8 272.9 285.6 4.5
Third Year 280 287.7 2.7 279.3 288.9 3.4
Fourth Year 260.8 265.4 1.8 299.2 307.5 2.7
Average 260 268.6 3.3 274.7 286 4
Vertical jump
In terms of percent increases, the vertical jump improved the least out of the four 
tests. Group A and the linear program had a total increase of 1.0% while Group B 
increased almost twice as much with 1.9% increase (Table 4). The biggest differences 
came in both the second and third year participants where the members performing the 
undulating program increased 1.3% more then their linear counterparts. The members in 
their first and second years of training achieved the highest gains with 2.2% and 2.3% 
respectively. The group of athletes that improved the least amount were those in their 
third year of training that performed the linear program. These participants had a 
minimal gain of 0.7% in the vertical jump test.
The lower percentage increase for the vertical jump test could be due to the fact 
that research participants did not consistently perform the exercise itself, whereas the 
squat, bench press, and hang clean were completed weekly. While the squat and hang 
clean help increase power which is what the vertical jump is measuring, the unfamiliarity 
of the vertical jump could play a role in the lower increases. It should also be noted that 
the vertical jump is not typically a test where one sees increases up to 5.0%. There is 
usually a much slower progression for this test.
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Table 5
Comparison of Pre and Post Testing for Vertical Jump
Vertical Jump 
Results
Group A Vertical Jump Results Group B Vertical Jump Results
Year of Collegiate 
Training
Vertical
(Pre)
Vertical
(Post)
% Change Vertical
(Pre)
Vertical
(Post)
% Change
First Year 30.8 31.2 1.3 31.3 32 2.2
Second Year 31.8 32.1 1 30.7 31.4 2.3
Third Year 32.1 32.3 0.7 30.3 30.9 2
Fourth Year 31.6 31.9 1 32 32.5 1.6
Average 31.6 31.9 1 31.1 31.7 1.9
Overview of the results
When reviewing the results of all the tests for each group, it is obvious that Group 
B which used the weekly undulated program, consistently increased more then the group 
that performed the linear program when retested. Group B also had greater total gains 
with a 0.7% overall increase compared to Group A. The one test where Group A had 
similar results was in the squat with 3.6% increase while the members using the weekly 
undulated program only had a 0.2% higher increase during the eight-week program 
(Table 1). The test with the greatest difference between the two groups was the vertical 
jump test where Group B outperformed Group A by almost twice as much (Table 4). The 
bench press also showed a large differential in the retest with the weekly undulating 
members holding a 0.9% edge over the linear participants (Table 2).
Looking a little more in-depth at the different subgroups pertaining to years of 
training experience, there were a couple common found within the study. First, in both 
groups, those members with two years or less of training experience typically 
experienced more success when retesting. As Table 5 points out, in both groups, the top
two groups in terms of percent increase were the members with one and two years of 
training experience. On the other end of the spectrum, those individuals with four years 
of training did not experience the same success as those with fewer years of training.
However, the percent drop off from first to fourth year members was much less for the 
group performing the weekly undulated program. In Group A, there was a 1.7% 
differential between the four subgroups, whereas in Group B, there was only a 0.9% 
disparity between them. In Table 5, it is clear that it wasn’t until the individuals with 
four years of training experience where you saw a noticeable drop-off in Group B.
Table 6
Average Percent Increase Among all Tests
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Average % Increase (All Tests)
Year of Collegiate Training Group A Group B
(Linear) (Undulating)
First Year 3.8 3.8
Second Year 3.1 3.8
Third Year 2.1 3.7
Fourth Year 2.3 2.9
Total 2.8 3.5
Discussion
Several different observations can be made from the research. The first finding in 
this study supported the findings of Rhea et al. (2002) who conducted a study comparing 
linear and DUP, that even though both methods produced significant increases, the 
undulating programs produced the more desirable results than the linear programs. It 
should be noted that in the study done by Rhea et al. (2002), both programs used an 
equated volume whereas this research used programs with unequal volume.
On the other hand, results from this study were not consistent with what Buford et 
al. (2007) found in their nine-week study comparing linear, DUP, and weekly undulating 
periodization. Although Buford et al. found significant gains in all three programs, there 
were no differences worth noting among the three groups themselves. Those results were 
also very similar to those of Baker et al. (1994) who looked at linear and DUP again with 
equated volumes. It should be noted that each program again had equal total volume 
through the nine weeks. One could conclude from these results that having equal volume 
may limit the effectiveness of undulated programs in past studies. This was one factor 
that was going to be examined closely when conducting the research.
This study also focused on whether or not training experience played a role in 
the results for each program. What the research found was that the linear program had 
more success with those individuals with less training experience, but tended to have a 
large drop-off in production as that experience increased. This would support the notions 
of Baker et al. (1994) that due to the higher volume and repetitions usually associated 
with linear programs, younger or untrained athletes often experience more success based 
on the increased motor skill acquisition. Conversely, the weekly undulating program had 
similar results with participants with one year of training experience, but had much less 
of a drop-off when comparing the individuals with four years of training experience.
These results are consistent with the findings of Bradley-Popovich & Haff (2001) that 
undulating periodization is more beneficial to “older” athletes who don’t have as 
sensitive nervous systems. Undulated programs in theory, work to keep the training 
stimulus more responsive by varying the intensities from week to week or day to day.
COMPARING LINEAR & UNDULATING PERIODIZATION 33
Summary
Overall, the individuals who used an undulated program showed substantially 
higher strength gains over those who executed a linear program. As Stone et al. (2000) 
pointed out, as training status increases, strength gains occur at a slower rate. This would 
support the findings of the research as both groups had a decrease in production as 
training experience increased. It can be concluded from this study that undulating 
periodization produces much more desirable results, more specifically with athletes with 
more training experience.
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Chapter Five 
Conclusions and Recommendations
Research has shown that using a form of periodization in resistance training 
programs produces much better strength gains then those programs that don’t (Hoffman 
et al., 2009; Rhea et al., 2002; Kraemer et al., 2000; Kraemer, 1997). However, there 
have been few studies conducted that compare linear and undulating periodization in 
collegiate athletes. This lack of research has led to some discrepancy between S&C 
professionals over which method is more productive and if one form benefited certain 
athletes more then others.
The research examined both linear and undulating periodization in an eight-week 
study and looked at which program produced more desirable gains overall, and between 
the different training statuses. The study tested four common strength and power 
exercises both before and after the study to measure the increases.
Findings
The research showed that both the linear and weekly undulating programs had 
increases in strength gains. The undulating program did however yield higher gains 
(+0.7%) over the linear program throughout all the tests and training statuses. As training 
experience increased, the individuals performing an undulated program had a much lower 
drop-off then participants using a linear program. The results suggest that undulating 
programs produce better strength and power gains over linear programs.
Educational Implications
It is evident that after an individual’s first year of training that undulated 
periodization is a far more beneficial way of designing resistance training programs. The
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research shows that after the first year of training experience which was equal at an 
average increase of 3.8% for both resistance training programs, weekly undulating 
programs held a 1.0% higher increase over those using a linear program. This type of 
information is critical to those who are designing resistance training program. It is worth 
noting that according to Baker et al. (1994), linear programs are superior to undulating 
programs in younger or untrained athletes. Undulating periodized programs yield results 
equal to linear programs with those individuals with a lower training status. They also 
yield much higher results in more experienced athletes. S&C professionals will now be 
able to use the information provided by this study and compare it to the few studies that 
have compared linear and undulating periodization in the past to help them design 
resistance training programs.
Recommendations for Future Research
Although the research completed clearly shows that undulating periodization is 
superior to linear periodization, there are still some uncertainties when discussing the 
two. While both programs showed increases over the eight-week study, most collegiate 
training phases last far longer than that. Due to the schedule of the individuals that were 
part of the study, the programs could only be designed for eight weeks. It is still 
uncertain which program would yield the best results over the course of a year, 
nonetheless over the course of a college career. This study only gives short terms results 
and it is recommended that in future studies, a longer test period be used.
The research also used a very specific subject group. Only collegiate male 
athletes were tested in this study. To gather a larger understanding of the two concepts, 
more subject groups need to be tested to see if there is a difference within actual age or
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sex. Strength and conditioning coaches work with all different ages ranging from Jr.
High to professional athletes and with both males and females. Few studies have been 
conducted that have examined these variables. Only Kraemer et al. (2000) studied the 
effects of periodized programs on female athletes, but did not compare different methods. 
Conclusion
Because of the competitive nature involved in athletics, resistance training has 
become a vital aspect in many athletic programs. With many philosophies and theories 
that are involved in designing a resistance training program, strength and conditioning 
professionals are left wondering what to do. It can now be assumed that in a short term 
training cycle (eight weeks), undulating periodization will be more beneficial then linear 
periodization. This though only helps to answer one of the many parts that go into 
designing resistance training programs.
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APPENDIX A 
CONSENT FORM - ATHLETIC DIRECTOR
Linear vs. Undulating Periodization in Previously Trained Collegiate Athletes
You are being asked to allow athletes within your athletic department to participate in a 
research study that will explore the differences between linear and undulating periodization in 
resistance training programs and look to find which method is more beneficial. You were 
selected as a possible participant because due to your background of being a previously trained 
collegiate athlete, you fit the criteria that the study will be looking at. We ask that you read this 
form and ask any questions you may have before agreeing to be in the study.
This study is being conducted by: Matt Bauman, Strength and Conditioning (S&C) Graduate 
Assistant, UMD
Background Information
The purpose of this study is: The purpose of this study is to provide S&C Coaches with more 
information on which form of periodization is superior in previously trained collegiate athletes. 
Periodization can be defined as maximizing training adaptations by planned manipulation of the 
training variables such as the load and volume. With limited research done comparing the two 
forms (linear and undulating), S&C Coaches are left wondering which model produces the best 
results with the athletes they are working with and if certain athletes respond better to 
different methods. Some potential questions that look to be answered are: Does unequaled 
volume in the two programs make a difference in athletic gains? With daily undulating 
programs already researched, do weekly undulating programs differentiate in training gains 
made? Do different forms of periodization produce better athletic gains for athletes with 
different training experiences?
Procedures:
Should you allow the athletes in your department to participate, permission will then be asked 
of the sport coaches. It will not be until permission is granted from both you and the sport 
coaches that athletes will be approached and invited to be part of the study.
Risks and Benefits of being in the Study
This study does run the risk of potential injury due to exercise. This risk is not any higher then 
any form of exercise that you may have experienced in the past and the study will be closely 
monitored to ensure correct technique is being used to help decrease this risk.
The benefits to participation are: Both methods of periodization that will be used in the study 
are proven to be safe and significantly reduce the chances of overtraining and the injuries that 
may come with it. The methods of programs also have the chance to give potential subjects far 
superior gains in strength and power then what they may experience in a program that does not 
use any form of periodization.
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Confidentiality:
The records of this study will be kept private. In any sort of report we might publish, we will not 
include any information that will make it possible to identify a subject. Research records will be 
stored securely and only researchers will have access to the records.
Voluntary Nature of the Study:
Participation in this study is voluntary. Your decision whether or not to allow participation will 
not affect your current or future relations with the University of Minnesota Duluth of the 
athletic team you are involved with.
Contacts and Questions:
The researcher conducting this study is: Matt Bauman. You may ask any questions you have 
now. If you have questions later, you are encouraged to contact them at SpHC 29G, 715-897­
2784, bauma230@d.umn.edu. Also, if you would feel more comfortable reaching the 
researcher's advisor please contact Randy Hyman at 218-726-8505 or rhyman@d.umn.edu.
If you have any questions or concerns regarding this study and would like to talk to someone 
other than the researcher(s), you are encouraged to contact the Research Subjects' Advocate 
Line, D528 Mayo, 420 Delaware St. Southeast, Minneapolis, Minnesota 55455; (612) 625-1650.
Statement of Consent: I have read the above information. I have asked questions and have 
received answers. I consent to participate in the study.
You will be given a copy of this information to keep for your records.
Signature:__________________________________________________ Date:_____________________
Signature of Investigator:______________________________________ Date:_____________________
COMPARING LINEAR & UNDULATING PERIODIZATION 44
APPENDIX B 
CONSENT FORM - SPORT COACH 
Linear vs. Undulating Periodization in Previously Trained Collegiate Athletes
You are being asked to allow athletes from your team to participate in a research study that will 
explore the differences between linear and undulating periodization in resistance training 
programs and look to find which method is more beneficial. You were selected as a possible 
participant because due to your background of being a previously trained collegiate athlete, you 
fit the criteria that the study will be looking at. We ask that you read this form and ask any 
questions you may have before agreeing to be in the study.
This study is being conducted by: Matt Bauman, Strength and Conditioning (S&C) Graduate 
Assistant, UMD
Background Information
The purpose of this study is: The purpose of this study is to provide S&C Coaches with more 
information on which form of periodization is superior in previously trained collegiate athletes. 
Periodization can be defined as maximizing training adaptations by planned manipulation of the 
training variables such as the load and volume. With limited research done comparing the two 
forms (linear and undulating), S&C Coaches are left wondering which model produces the best 
results with the athletes they are working with and if certain athletes respond better to 
different methods. Some potential questions that look to be answered are: Does unequaled 
volume in the two programs make a difference in athletic gains? With daily undulating 
programs already researched, do weekly undulating programs differentiate in training gains 
made? Do different forms of periodization produce better athletic gains for athletes with 
different training experiences?
Procedures:
Permission has already been granted by the Athletic Director. Should you allow the athletes on 
your team to participate, the athletes will then be approached and invited to be part of the 
study.
Risks and Benefits of being in the Study
This study does run the risk of potential injury due to exercise. This risk is not any higher then 
any form of exercise that you may have experienced in the past and the study will be closely 
monitored to ensure correct technique is being used to help decrease this risk.
The benefits to participation are: Both methods of periodization that will be used in the study 
are proven to be safe and significantly reduce the chances of overtraining and the injuries that 
may come with it. The methods of programs also have the chance to give potential subjects far 
superior gains in strength and power then what they may experience in a program that does not 
use any form of periodization.
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Confidentiality:
The records of this study will be kept private. In any sort of report we might publish, we will not 
include any information that will make it possible to identify a subject. Research records will be 
stored securely and only researchers will have access to the records.
Voluntary Nature of the Study:
Participation in this study is voluntary. Your decision whether or not to allow participation will 
not affect your current or future relations with the University of Minnesota Duluth of the 
athletic team you are involved with.
Contacts and Questions:
The researcher conducting this study is: Matt Bauman. You may ask any questions you have 
now. If you have questions later, you are encouraged to contact them at SpHC 29G, 715-897­
2784, bauma230@d.umn.edu. Also, if you would feel more comfortable reaching the 
researcher's advisor please contact Randy Hyman at 218-726-8505 or rhyman@d.umn.edu.
If you have any questions or concerns regarding this study and would like to talk to someone 
other than the researcher(s), you are encouraged to contact the Research Subjects' Advocate 
Line, D528 Mayo, 420 Delaware St. Southeast, Minneapolis, Minnesota 55455; (612) 625-1650.
You will be given a copy of this information to keep for your records. 
Statement of Consent:
I have read the above information. I have asked questions and have received answers. I consent 
to participate in the study.
Signature:__________________________________________________ Date:_____________________
Signature of Investigator:______________________________________ Date:_____________________
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APPENDIX C
CONSENT FORM 
Linear vs. Undulating Periodization in Previously Trained Collegiate Athletes
You are invited to be in a research study that will explore the differences between linear and 
undulating periodization in resistance training programs and look to find which method is more 
beneficial. You were selected as a possible participant because due to your background of being 
a previously trained collegiate athlete, you fit the criteria that the study will be looking at. We 
ask that you read this form and ask any questions you may have before agreeing to be in the 
study.
This study is being conducted by: Matt Bauman, Strength and Conditioning (S&C) Graduate 
Assistant, UMD
Background Information
The purpose of this study is to provide S&C Coaches with more information on which form of 
periodization is superior in previously trained collegiate athletes. Periodization can be defined 
as maximizing training adaptations by planned manipulation of the training variables such as the 
load and volume. With limited research done comparing the two forms (linear and undulating), 
S&C Coaches are left wondering which model produces the best results with the athletes they 
are working with and if certain athletes respond better to different methods. Some potential 
questions that look to be answered are: Does unequaled volume in the two programs make a 
difference in athletic gains? With daily undulating programs already researched, do weekly 
undulating programs differentiate in training gains made? Do different forms of periodization 
produce better athletic gains for athletes with different training experiences?
Procedures
If you agree to be in this study, we would ask you to do the following things:
Participate in 2 testing phases that would involve the 1 RM bench press, squat, and hang clean 
along with the vertical jump test. Also you would complete an 8-week resistance training 
program that consisted of 1 of the 2 forms of periodization that are being tested.
Risks and Benefits of being in the Study
This study does run the risk of potential injury due to exercise. This risk is not any higher then 
any form of exercise that you may have experienced in the past and the study will be closely 
monitored to ensure correct technique is being used to help decrease this risk.
The benefits to participation are: Both methods of periodization that will be used in the study 
are proven to be safe and significantly reduce the chances of overtraining and the injuries that 
may come with it. The methods of programs also have the chance to give potential subjects far 
superior gains in strength and power then what they may experience in a program that does not 
use any form of periodization.
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Confidentiality
The records of this study will be kept private. In any sort of report we might publish, we will not 
include any information that will make it possible to identify a subject. Research records will be 
stored securely and only researchers will have access to the records.
Voluntary Nature of the Study
Participation in this study is voluntary. Your decision whether or not to participate will not affect 
your current or future relations with the University of Minnesota Duluth of the athletic team 
you are involved with. If you decide to participate, you are free to not answer any question or 
withdraw at any time with out affecting those relationships.
Contacts and Questions
The researcher conducting this study is: Matt Bauman. You may ask any questions you have 
now. If you have questions later, you are encouraged to contact them at SpHC 29G, 715-897­
2784, bauma230@d.umn.edu. Also, if you would feel more comfortable reaching the 
researcher's advisor please contact Randy Hyman at 218-726-8505 or rhyman@d.umn.edu.
If you have any questions or concerns regarding this study and would like to talk to someone 
other than the researcher(s), you are encouraged to contact the Research Subjects' Advocate 
Line, D528 Mayo, 420 Delaware St. Southeast, Minneapolis, Minnesota 55455; (612) 625-1650.
You will be given a copy of this information to keep for your records. 
Statement of Consent:
I have read the above information. I have asked questions and have received answers. I consent 
to participate in the study.
Signature:__________________________________________________ Date:_____________________
Signature of Investigator:______________________________________ Date:_____________________
